The objective of this work is obtaining W-30 wt% Cu composite powder from ammonium paratungstate hydrated (APT) and hydrated copper nitrate and investigating the influence of some production process parameters of W-30 wt% Cu in particles form which results in high sinterability and densification of W-30 wt% Cu composite. To achieve this objective, the powder was obtained by manually mixing the APT and copper nitrate and reducing under a hydrogen atmosphere at 800 °C and then compacting at 500 MPa and sintering in a tubular furnace at 1200 °C for 60 minutes. The obtained materials were characterized by XRD, SEM, EDS, particle size analysis, density and microhardness measurements. The composite powder showed a good homogenization of Cu in W with very fine and agglomerated particles and a mean crystallite size of 25.64 nm. SEM coupled with EDS with mapping analysis revealed a homogeneous distribution of Cu and W in the sintered sample. The composite had a relative density of 96.77% and a microhardness of 523.66 HV. Therefore the method of obtaining the composite powder is feasible to sinter W-30 wt% Cu powder due to a greater dispersion and homogenization of phases and the average particle size.
Introduction
Tungsten and Copper (W-Cu) composites are widely used for electrical and thermal purposes such as heat sinks and electrical contacts. The combination of excellent thermal and electrical conductivity with low thermal expansion coefficient provides a variety of applications in electronics, electromechanical, military, and aerospace and other industries.
For a material to be used as an electrical contact, it must have properties such as high electrical conductivity, high thermal conductivity, chemical stability and high voltaic arc resistance. This material is produced by Powder Metallurgy, usually from metallic copper (Cu) and tungsten (W). The W-Cu composite powder can be obtained by various processes, such as: manual mixing, mixing in a conventional ball milling GOMES et al. 5 . The properties of these powders are dependent on their composition, characteristics of the starting powders and mainly manufacturing process. Thus, particle size, shape and distribution of W phase, microstructure homogeneity and amount of pores affect the electrical, mechanical and thermal properties of composite material. According to Chen et al. 2005 6 , microstructure refinement is of great importance to improve the performance of contact materials, including mechanical strength and electrical conductivity.
According to Moon et al., 1997 , despite the low sinterability of Composite W-Cu, it is possible to obtain a structure with high structural homogeneity and a density close to theoretical density by using a W-Cu powder formed by W and Cu composite particles. Therefore, the densification of the W-Cu composite is directly related to dispersion of tungsten and copper by obtaining W-Cu composite particles and sintering the same.
The objective of this work is obtaining W-30 wt% Cu composite powder from ammonium paratungstate hydrated (APT) and hydrated copper nitrate and investigating the influence of some production process parameters of W-30 wt% Cu in particles form which results in high sinterability and densification of W-30 wt% Cu composite. To achieve this objective, the powder was obtained by manually mixing the APT and copper nitrate and reducing under a hydrogen atmosphere at 800 ° C and then compacting at 500 MPa and sintering in a tubular furnace at 1200 °C for 60 minutes. The obtained materials were characterized by XRD, SEM, EDS and particle size analysis. The density of sintered sample and the final structure were observed through density measurements according the Geometric density and by optical microscopy and scanning electron microscopy, respectively.
Methodology
The procedures used in this work were characterization of the starting powders, preparation of the powders by manual mixing and reduction, characterization the prepared mixture, compaction, sintering and characterization of the sintered structures. Figure 1 show in detail all procedures were used throughout this work. ml/sec. Gas flow was kept until the furnace cooled to 500 °C and tehn Argon flow was used to room temperature in order to avoid oxidation. These powders were characterized by XRD, SEM, EDS, particle size analysis and crystallite size measurement by Scherrer.
Powder compacting
Cylindrical samples with 5mm diameter and 3 to 4mm thickness were prepared for sintering. These samples were uniaxially compacted in a 5 mm diameter steel mold using a single section press with pressures of 500 MPa.
Sintering
The green samples were sintered in a tubular furnace under an argon atmosphere with 10 ml/sec flow at 1200 °C. Heating rate was 10 °C/min and samples were isothermally held 60 minutes. The samples were cooled in the furnace to room temperature and then the sintered bodies were characterized by OM, SEM and EDS. Density measurements and microhardness Vickers (HV) were also realized.
Results and Discussion

Starting powder analysis
APT thermogravimetric analysis
The thermogravimetric analysis of the APT was performed, which is shown in figure 2. It shows a mass loss of approximately 10%. It can be seen in Figure 2 that the final amount after calcination is about 90%. The first mass loss occurs near 110 °C (point 1) for the dehydration of the complex. The second mass loss related to the evaporation of the ammonia molecules (NH 3 ) occurs after 110 °C to near 220 °C (between points 1 and 2), decomposition of APT starts from 220 °C (point 3), between 260 and 280 °C (between points 3 and 4) there is a significant mass loss due to simultaneous evaporation of water and ammonia. The fourth mass loss occurs from 350 °C to approximately 500 °C, in this stage, only the evaporation of last residue ammonia occurs. From 500 °C no mass loss occurs, showing that from this temperature, APT reaches its thermal stability and no further reaction occurs, a fact that can lead to a decrease in APT to tungsten (W) reduction temperature. Figure 3 shows the particle size distribution curve and APT particle size in different proportions with a unimodal distribution which has a mean diameter distribution by volume (MV of 28.63 mm). Through the analysis of particle size coupled to the micrograph performed for APT, the irregularity in particle size can be confirmed. 
Particle size analysis of APT
Preparation of W-Cu composite powder
The W-30 wt% Cu composite powder was prepared from manual mixing of ammonium paratungstate hydrate ((NH 4 )10 [H 2 W 12 O 42 ]4H 2 O) with Copper nitrate hydrate (Cu (NO₃) ₂.6H₂O) in stoichiometrically calculated ratios of 30 wt% Cu and 70 wt% W in a mortar using a pestle. Then powders were placed in an alumina boat and reduced in a resistance furnace 800 °C. Heating rate was 10 °C/min and powder was isothermally kept at 800 °C for 30 min. The used reducing gas was hydrogen, with a flow of approximately 6 Figure 4 (a) and 4 (b), presents particles with very irregular geometric shapes having different sizes and shapes, some in cube form, others in hexagon form and a large varieties with irregular forms. Many particles are agglomerated, with a smooth surface and a low surface roughness. They also have few pores and some cracks as shown in Figures 2 (a) and 3 (b) .
Morphological analysis of APT SEM morphology of the APT, shown in
Analysis of W-30% wt cu composite powder
Particle size analysis of W-30 wt% Cu composite powder Figure 5 shows the particle size of W-30 wt% Cu, distribution curve tends to a normal distribution and particle sizes in different proportions has a mean distribution diameter by volume of 14.82 mm. Through this analysis it can be seen that there was a good refinment in particle size after reduction compared to the initial APT powder. Figure 6 (a) shows morphology of W-30 wt% Cu composite powder with different shapes, very small particle sizes and larger particle sizes formed by agglomeration. This agglomeration is a characteristic of very fine particles that tend to agglomerate and form large agglomerates. These larger particles are formed by agglomeration of small W-Cu composite particles. Although they seem to be very solid, they are easily fragmented. Figure 6(a) is a mapping analysis of W-30 wt% Cu obtained through EDS. It can be seen that there is good dispersion of Cu (green) in W (red) despite using high energy milling for obtaining powders.
Morphological analysis of the W-30 wt% Cu composite powder
X-ray diffraction analysis of the W-30 wt% Cu composite powder
The X-ray diffraction in Figure 7 shows only the characteristic peaks of W and Cu. Therefore, impurities in the powder are discharged, showing that the reduction process was effective and confirming it was possible to obtain the desired composite.
The average crystallite size of the composite powder was calculated by the Scherrer equation which revealed an average size of 25.64 nm, a fact that confirming the presence of nanometric composite powder. 
Analysis of W-30 wt% cu sintered composite
Analysis by optical microscopy Fig. 8 (a) and 8(b) are optical microscopy micrographs of the sintered sample. In Fig. 8(a) , it is possible to observe a sintered body without cracks and with few pores as well as a good copper dispersion in the system. Figure 8(b) shows some copper particles dispersed in W-Cu system. Through these optical micrographs it can be seen that the composite is well densified. This fact was confirmed by geometric density measurement, presenting a relative density of 96.77%. Such high densification of the sintered sample occurred above copper melting point (1200 °C), is related to the rearrangement of crystallites caused by exiting the copper from composite particles to fill the surrounding porosity when the temperature approaches its melting point and by appearance of liquid copper phase as it melts. Filling inter-particles porosity by copper increases the density.
Scanning Electron Microscopy Analysis
Figures 9(a) to 9(d) are SEM micrographs of the sintered sample. Figure 9 (a) shows a sintered body without cracks and few pores. Figure 9 (b) with 3000X magnification shows very uniform particle sizes and a good Cu distribution in the system. Small Cu-filled pores and some copper lakes formed by the liquid copper which exudes to the surface filling the pores, which was confirmed by EDX analysis in Figure 9 (c) and 9(d) and Table 1 .
